The acquisition of everyday scientific concepts by 3-6 year old children attending early childhood institutions has been widely studied. In contrast, research on science learning processes among younger children is less extensive. This paper reports on findings from an exploratory empirical study undertaken in a 'stay and play' service used by parents with children aged 0-3 and located within an East London early childhood centre. The research team collaborated with practitioners to deliver a programme of activities aimed at encouraging parents' confidence in their own ability to support emergent scientific thinking among their young children. The programme generated children's engagement and interest. Parents and practitioners reported increased confidence in their ability to promote young children's natural curiosity at home and in early childhood provision. The authors see no reason for positing qualitative differences between the way children acquire scientific and other concepts in their earliest years.
Introduction
The early years are a critical time for acquiring scientific concepts. Indeed, infants and young children are intuitive scientists, according to Gopnik (2009) . In a paper for Science, Gopnik (2012) summarised the state of psychological research on scientific thinking in young children, while the acquisition of scientific concepts by 3-6-year-old children attending early childhood institutions in a variety of countries has been quite widely studied in the English language research literature (Greenfield, Jiroux, Dominguez, Greenberg, Maier & Fuccillo, 2009; Samarapungavan, Patrick & Mantzicopoulos, 2011; Guo, Piasta & Bowles, 2015) . In a summary of the theoretical literature on children's knowledge construction from infancy 1 From this point in the paper the term 'parents' will be used to denote mothers and fathers as well as informal carers such as grandparents formal carers such as family day care professionals (childminders) who use early childhood centre services (DFE, 2014, p. 8) The programme of scientific activities in the present study was in harmony with EYFS guidelines.
Our study was modelled on an early childhood STEM initiative pioneered a few years previously in rural Bangladesh by Tunnicliffe (2013b) . Accepting that the early years are a critical time for acquiring scientific concepts (Tunnicliffe & Ueckert, 2011; Tunnicliffe, 2013a ), Tunnicliffe's project aimed to demonstrate how parents can support their children in this process, for instance through observation and talking. Parents' role is enhanced if they are made aware of the extent of their own existing STEM related knowledge by being in turn supported by knowledgeable early childhood teachers and practitioners. Tunnicliffe's original initiative was developed to mark the 2010 Commonwealth Year of Science and Technology.
Research design and methods
In designing the study programme and its evaluation, the researchers did try to replicate features of the Bangladeshi model. Data gathering was therefore planned on the experiences of children, parents and centre practitioners directly involved in the early science programme's delivery, as well as on the experiences of staff and student members of the research team involved in delivering the early science programme.
The research team
The research team was made up of five School of Education staff members engaged in teaching and research in early or primary education or in early childhood studies. Three also had experience in early childhood practice as early childhood teachers or practitioners; in contrast two had a research background. The three experienced practitioners took the lead in planning the programme of science-related activities and in data collection, while two of them delivered the programme sessions. The two undergraduate students recruited to the team were also qualified early childhood practitioners and took part in scientific programme delivery alongside university staff, but did not participate in data collection.
The two researchers did not take part in the STEM programme's delivery or in data collection; their role was confined to study and evaluation design, data analysis and write-up.
Dr Tunnicliffe agreed to act as scientific advisor to the study.
The early childhood centre and practitioners
The study took place in a Local Authority early childhood centre in East London in an area whose population is ethnically diverse and where rich live in close proximity to poor families. The centre's service used for delivering the research programme was a 2.5 hour 'stay and play' session run twice weekly during school term time for children aged 0-3 and their parents and formal or informal carers, such as grandparents or childminders (professional family day carers). These relaxed play sessions are free of cost and parents can attend when they wish, though required to register at each visit.
All four centre practitioners directly involved in the 'stay and play' sessions had been trained to deliver the EYFS. Throughout the programme planning and delivery process, the researchers sought practitioner agreement on draft contents, communication strategies with parents and on evaluation tools and processes. Practitioners agreed to distribute advance information about the programme to parents, to answer queries and to provide where possible help with research questionnaires for parents whose first language was not English.
The programme of science related activities
Research team members designed a programme of activities, some table-top, for four 'stay and play' sessions during consecutive weeks in the early summer of 2015; each session lasted 2.5 hours. The activities took place simultaneously inside the room allocated to the 'stay and play' sessions and in the outdoor area reserved for them. The programme was planned around scientific themes. For the first three sessions the themes of 'forces', 'materials and their properties' and 'the living world' were used to inform the choice of activities.
The fourth and final programme session was designed to allow participating parents and children to review their experiences and complete the 'project books' they had been given at the first session. These were meant for notes on and pictures of science related activities undertaken at home in between sessions, as a record of scientific 'observations' made by the children or any thoughts children and parents had had on the subject. The second set of parent questionnaires was administered during this session, too.
The researchers had also compiled a list of scientific terms to be used and explained during the sessions and had prepared prompts and questions suited to the youngest children, aged 1 and 2, and to any older ones participating. To encourage parents to continue engaging their children in 'talking science' after each session, pertinent items such as bubble liquid, seeds and bulbs to plant and play dough recipes for use at home were distributed at the end of sessions.
Other play activities were on offer as usual during the sessions, should parents or children wish at any time not to take part in the activities put on by the researchers. Appendix A shows the outline programme and summary of activities, including planned relevant vocabulary, questions and observations geared to different age groups.
Research tools
Research tools developed to gather qualitative evidence included written parent questionnaires, with some closed as well as open-ended questions, and semi-structured interviews with the 'stay and play' practitioners. These were administered during a 'stay and play' session in the week preceding the start of the programme of 4 sessions, and at the end. All members of the research team involved in programme delivery also produced field notes, as their role precluded taking observational notes. Date from a semi-structured electronic questionnaire completed by the students before and after the programme and listed in table A were not used for the present paper's analysis.
The small programme size and its short duration prevented the collection of pre-and post-evaluation developmental data on the participating children. As the research team was still keen on capturing young children's responses, despite the barriers presented by their limited use of productive language, they made intermittent audio recordings during the 4 sessions, using Tablets.
The evaluation research tools and numbers of participants who completed them are listed in Table A. The initial parent questionnaire gathered information about the children they brought along, but also included items about parents' experience of science related subjects at school, the level of their education; the meaning the word 'science' held for them; whether they had noticed their children investigating and exploring what could be called science and how confident they felt in supporting their children with this. Parents participating in the fourth and final 'stay and play' session were again offered a questionnaire, which focused on their and their children's programme experiences.
The simple topics covered in the pre-programme interviews with centre practitioners included their experience of science at school and any preferences; their highest qualification and length of experience; whether they had noticed young children in their setting exploring and investigating what could be called science and their confidence in talking about scientific subjects to young children. In the post-programme interview they were asked about their enjoyment of the sessions; new ideas for working in this way with children and with parents; if there was any aspect of the session format they wished to change and whether they now felt more confident about talking about early science with parents.
Ethical considerations
The study design was guided by the ethical guidelines provided by the British Educational Research Association (2011) and received ethical approval from the university's ethics committee. Every member involved in the programme's delivery had a valid and enhanced certificate from the English Disclosure and Barring Service (DBS) 2 .
Before the administration of the initial questionnaire, parents were asked to consent on behalf of their children as well as themselves and assured that any information they provided would remain confidential. Information briefings assured parents that all planned science-related activities would be safe for young children. As different parents attended in the course of the four sessions, researchers and practitioners ensured as far as was feasible that these parents were also offered programme briefings and consent forms. The 'stay and play' practitioners also received a briefing and completed a consent form in advance of their interview with one of three researchers.
At the end of the programme practitioners made sure that all parents who had participated in any of the sessions were given a 'thank you' in the form of a high street shop voucher on behalf of the research team. Afterwards, the centre itself also received generous equipment vouchers in recognition of their valued participation in the study. No mention of these was made before or during the programme or in briefings, so that these vouchers could not be construed as an inducement to participate.
Analysis and results
Here we limit ourselves to an analysis of the data on the experience and impact of the project reported by participating parents and practitioners and some observations on participating children's behaviour. Despite what looked at first sight like an extensive and diverse range of data, the amount of useable information gathered directly from parents and practitioners proved limited. The researchers' field notes were extensive and formed an interesting additional source of information.
Parental participation
As Centre staff held a register of all adults and children attending, it was possible to work out the pattern of attendance for parents and children over the four weeks the programme lasted.
In all 19 parents or carers attended at least one programme session and they brought along 26 children aged under 5. Only three parents, accompanied by six children, participated in all four sessions. Another three attended three sessions; seven attended two and six only turned up for one session.
The ethnic composition of the attendees at any programme sessions was varied, reflecting that of the surrounding community. Over half the children and parents had an ethnic minority background, suggesting that several languages were spoken at home and English was a second language for many of the parents.
The number of parents whose attendance was registered over the whole programme turned out to be more than twice the size of the number who completed questionnaires either at the programme's start or at its finish. Of the eight adults who completed the initial questionnaire, three were mothers, two fathers, one a grandmother and one a childminder.
Between them they had brought along 11 children, ranging in age from 1 year and 2 months to 3 years. Of these three were girls, seven boys and one child's gender was not noted on the questionnaire. But from the information collected it proved impossible to determine whether these same adults proceeded to attend any of the following four programme sessions.
Background information about adults and children was only gathered before the start of the four STEM programme sessions and did not include parents' personal details. Although the parents' stated intention to do so is a good indicator, we cannot verify whether the identity of parents who attended any subsequent programme sessions corresponded to that of parents completing the initial questionnaire.
Parents completing the initial questionnaire were asked to mark it with a 'pseudonym'
which they would re-use on another questionnaire they would be asked to complete at the end of the four sessions. This strategy did not prove successful. Therefore we were unable to match the two sets of questionnaires to look for evidence of change. Neither could we work out on how many sessions the reported parental experience was based.
Since data collected from the same parents before and after the programme were key to exploring any impact of the programme experience on parental confidence in talking everyday science to young children, causality could not be examined further. This analysis instead concentrates on qualitative data from each questionnaire, starting with the initial one.
Parental behaviour and perceptions
A question about their previous science education offered eight subject boxes to tick for four levels of education, from primary to higher, but only two of the parents had studied science at primary school. However, six out of eight indicated that they had studied the three core science subjects, biology, chemistry and physics at secondary school, while two had also learned general science at secondary school. Only one1 respondent noted learning no science at secondary school. A further three had studied some science at Further Education level; none at university. As for science preferences, only physics and biology generated any dislike among this small group.
The participating parents also recorded, both before and after the project, what the word 'science' meant to them. Initial responses included 'learning through exploration'; 'how things work, technology, humans'; 'chemicals' and 'biology, chemistry, physics.' Post-programme responses somehow seemed a little more thoughtful: 'it means exploring, experimenting. It is about finding out how things work e.g. how the sponge soaks in water or how the stone sink in water'; 'definitely discovery, testing things out, experimenting' or, perhaps surprising:
'science is the act of using the mind to imagine things and doing it or acting it.'
The initial questionnaire asked parents if they had noticed their child exploring and investigating in a way which could be called science; six out of eight respondents confirmed they had observed their children exploring and investigating in this way. They gave examples such as sand play, water and liquid play, shape sorting, trying to work things out, problem solving and colour mixing. All but one reported feeling confident in helping their children with such exploration and investigation, with only one reporting not being sure.
All five parents who completed the final questionnaire were unanimous in reporting feeling more confident and having enjoyed the sessions they attended, as well as learning from them. 'I learned about more fruits than I never heard of before. I learned that science is everywhere and in everything children do' was one of the replies; another referred to 'Different activities. Log rolling and marking with chalk, mealworms. Fruit tasting and looking inside for pop,' while a third related to their son's learning: 'My son learning new things like plants, animals and create things with water colours.'
Only two respondents had access to a garden at home and noted new ideas for using it:
'Doing gardening with him, exploring about insects and worms when the ground is wet' and 'Water play, doing different weights, looking under stones for creepy crawlies, log rolling, chalk.' A couple of parents without a garden nevertheless planned to replicate the seed planting by doing this on the balcony or indoors. Among activities liked the most were: 'All of it, interaction. The way children got involved' and a carer reported 'I really like all of them. That gave me some ideas to plan activities with the children.'
Because of the questionnaire matching problem, no conclusions can be drawn from this information about any change in perspective after attendance at programme sessions
The researchers' field notes offered insights into how parents behaved with their children, for instance how they were observed extending their children's learning. A father offered more information on the peas that the child was looking at and explained how 'mummy' used different varieties for different types of food. Parents engaged not only with their children, but also with the activities themselves; one mentioned not having heard before of certain fruits and vegetables used for one of the activities. This prompted further conversation with the researcher and the parent writing a list so they could buy these fruits and vegetables themselves.
In several field notes researchers observed parental curiosity about the activities and resources. It was also noted that, particularly during the first programme session, parents appeared not to interpret exploring or investigation behaviour displayed by their child as a kind of scientific activity; this is illustrated in the following quote:
M (male aged 14 months) is waving his hands in the water, splashing and making waves. He is smiling and has a concentrated look on his face. I comment on how he is using his hands to make the splash and the waves, and show him that I can do this too.
His mum comments that he loves to splash and does this in the bath and at the swimming baths. I comment on how so many children of this age love to see the impact of their actions, through cause and effect, and mum comments that he likes to do the same thing over and over again. I comment that this is like a scientist testing a theory, and mum laughs. Several minutes later when she is completing the questionnaire, she is unsure if he engages in scientific play, but states that he does like to explore.
While lengthy, this observation is reproduced here in full to illustrate the type of conversation that developed between parents and researchers.
Children's reported behaviour
Just over an hour of activity involving children was recorded in the course of the four sessions.
Not surprisingly, these audio recordings on their own give only an incomplete impression of how these very young children responded to the activities on offer. Multiple factors were responsible for this complexity. The conversations frequently involved more than one adult, for instance a parent, a researcher and a child, or several children, most of them with limited language.
Whereas the audio recordings failed to do justice to the children's engagement with the scientific activities, they provided some interesting insight into adult interactions, even though it was not always easy to work out who was speaking.
Also, these recordings definitely suggested that most children became actively involved in the activities alongside their parents and other adults and appeared to find them fun and interesting. These impressions are strengthened by the contents of the researchers' field notes.
Combined with parental observations on their children's enjoyment, these data constitute a useful source of information on the children's responses to the programme.
The following observations are taken from field notes. In several cases it appeared that the children initiated the activities around the tables or elsewhere and led the adults to support them. Adults would subsequently discuss the activity with the children and help them learn.
For example, during a 'float and sink' activity they were observed asking the children pertinent questions and helping them identify other items that would float or sink, even though most of the children were not yet speaking intelligibly.
The parents continually supported their children's language development, some by alerting them to certain 'scientific' words. But on occasion neither child nor parent noticed when one of the researchers attempted to introduce scientific language into the play activity.
From the interactions reported by researchers, it became apparent that these children enjoyed the activities and explored them actively. Thus the field notes corroborated the recorded evidence to this effect.
Several field notes reported that children showed an interest in different experiences and demonstrated reactions that could be interpreted as an awareness of scientific concepts.
For example, showing an awareness of the different force that was necessary to push objects up an inclined ramp or gutter as well as the gravitational force when rolling objects down the ramp or gutter. This transpired in observations of children at times rolling objects like different sizes of toy cars with their fingers and at other times allowing them to roll free noting the different speeds and lengths it travels. During other activities the children's engagement and interest became evident from them picking up the object, for example a piece of fruit, and
showing their parent or carer in a way almost suggestive of asking for further information.
Children were also observed trying to engage other children with activities; for example one boy tried to get a girl to smell a flower, actively pursuing her and modelling the behaviour of smelling the flower, repeatedly trying to get her to smell the flower. This is something the child's parent had previously been trying to get her to do.
Practitioner background and perceptions
Before the programme's start three semi-structured interviews took place with centre practitioners involved in the 'stay and play' sessions and four afterwards. The three initial interviewees had worked as early childhood practitioners for 30, 9 and 6 years respectively and each possessed different qualifications. These included a Bachelors degree in child psychology for one; for another a vocational diploma in childcare and a vocational diploma (NVQ level 3) in adult and child psychology; and an older (NNEB) early childhood care qualification for the third practitioner.
Initially, each practitioner confirmed having noticed children exploring and investigating in a 'scientific' way by for example using magnifiers, using sand, both wet and dry, water play, playing with cars, doing planting and observing bugs. They felt confident about helping children in their setting explore and investigate in this way as well as in talking to parents about early science. Indeed, one observed: 'it's important to have that discussion.'
None had studied any science in further (FE) or higher education (HE), but they had studied various science subjects throughout their schooling.
Like the parents, practitioners were asked to comment on their preferred school science subjects. Physics was the least liked out of a range of eight science subjects encountered at primary or secondary school. The meaning of the term 'science' for the practitioners was also explored twice. Another observed:
One of the things that dawned on me a couple of weeks ago was … in the home area.
That we've got these soft kind of cushiony fruits and vegetables and I was saying well actually, do we need those? Could we not replace those with real fruit? Real vegetables. At the programme's end, some also felt free to comment adversely on elements:
I think that initially the planning side of it looked really rigid. However, what I thought was great was that there was this confidence that if a child wanted to take an activity in a certain direction that that was allowed and encouraged really. And the vocabulary went along with that.
Evidence for a link with practitioner confidence emerged from this quote:
And the other strength of the planning was that there was the vocabulary box as well.
So it gave you those hints and tips that, you know, you could bring vocabulary into it that may be not, may be not your confidence level, but it was there so you could name some of the things that were happening to help support the child.
Practitioners also spoke of how participation felt like team work; this included the work with parents and children. Their feedback suggested the experience had helped them feel more confident when talking to parents about science. The response of other 'stay and play' colleagues had particularly impressed one interviewee: 'What I've seen them do is go off and research areas themselves...What's been great is seeing them motivated and thinking differently about activities and science that they can incorporate...'
Practitioners made a major contribution to consolidating each session's experiential learning by displaying the content of the previous week's session on a White Board, clearly labelling the focus of that week as well as putting up photos labelled with key terms. Some activities were also left in place for the children to explore independently on their next visit.
Several expressed the hope that the programme experience would encourage centre staff to organise a 'science day' during the summer holiday scheme. Only longer-term follow-up could confirm whether these were to prove lasting impacts.
In their field notes, researchers failed to collect much evidence of practitioners trying to tune into the possible thinking processes of the children or to model the process of exploring, for example by asking questions such as: 'I wonder what will happen if...' It was noted that, in contrast, parents themselves did do this at times. Commenting on a child's play, researchers observed, could be more effective than asking questions, as this risked switching the focus of play from the child to the adult.
Discussion
The researchers' experience of delivering the programme and simultaneously collect evaluation data highlighted the challenges as well as the pleasures of this piece of 'real world research' as Robson (2002) would have defined it. Reflecting on our experiences nevertheless allowed us to draw some positive conclusions about the potential usefulness of our tentative findings. As noted in the introduction, early childhood centre-based studies of STEM-related work with children under three in partnership with their parents has not yet been widely reported in the relevant literature.
To date the majority of such studies focus on children aged three and upwards attending educational settings such as nursery classes and schools. This even applies to the majority of articles in the Journal of Emergent Science. Indeed, the Bangladeshi project informing the present study involved children with a much wider age range and none as young as two. In this respect our research could be considered innovative.
Limitation on the method of analysis stemmed from a rather too ambitious research design for a very small and exploratory study. The research design's drawbacks were possibly unavoidable, as these derived from the 'before and after' impact evaluation format imposed by the funder.
In the light of the unpredictable number of parents and children attending the four 'experimental' programme sessions, a rigid research approach was not considered feasible or desirable and no criteria were attached to this sample's selection. Instead the team decided to collect a wide variety of qualitative data in a relaxed manner.
In the research team's opinion this empirical investigation would have benefitted from being approached as a case study. Case studies, as Stake (1995) pointed out, generate multiple perspectives and contradictions within the data. Consequently, the mostly qualitative data were analysed as if they emanated from a case study.
The fluctuating nature of attendance at the 'stay and play' sessions meant that engaging the same parents throughout the study process proved impossible. We could not be sure that the few parents who reported changes in their confidence levels at the end of the programme were the same parents who completed the initial evaluation questionnaire; even then the sample would have been far too small to suggest causality.
Only three out of 19 parents attended all four sessions; only five parents completed the final questionnaire; only one parent returned their child's 'programme book' at the final session. This is not unexpected within the centre's 'stay and play' session context, where any participation is voluntary and unpressurised. There is limited research evidence on the optimal length of participation in early childhood programmes associated with short-term or longerterm impact on children's emergent science. In this programme, though, even attendance at only a couple of sessions generated enthusiasm and interest in science related activities among adults and the children they brought along.
Pertinent to the interpretation of our data was the fact that the study setting differed in important respects, such as staffing structure, from more formal early childhood services such as nursery schools or classes. Any replication of this programme should only be attempted in similar early childhood centre 'stay and play' sessions involving parents and children working in partnership with practitioners.
Crucially, all adult participants were broadly aware of the purpose of the special science-related programme offer. These 'demand characteristics' of the evaluation research situation, so well explained and demonstrated in the work of Orme (1969) , would have predicted positive responses in the practitioners and among the parents. This is not to denigrate the value of their self-reports, but just to acknowledge again the possibility that they might have wanted to meet the researchers' expectations, consciously or unconsciously.
The children's centre head teacher had justified her participation on the basis that she and her colleagues tasked with organising the 'stay and play' sessions were interested in gaining experience of an innovative STEM-related approach to early childhood teaching and learning through this collaboration with a university research team. They were particularly keen to participate in this study as a means of improving their own methods of working with children and parents, while also exploring gender related benefits of an explicit focus on early science.
Practitioners had invested time and effort in facilitating the science programme and were likely to wish for discernible positive impacts on all participants. Having welcomed their involvement with the university researchers, they would have been less likely to report nil or negative impact on themselves or on the other participants.
It remains interesting nevertheless that some did explicitly refer to changes in their own thinking. Noteworthy is the practitioner quote referring to enhanced confidence as a result of the materials provided by the researchers: '...it gave you those hints and tips that, you know, you could bring vocabulary into it that may be not, may be not your confidence level...' This could be considered a useful pointer towards possible STEM-related training needs of early childhood practitioners.
In a study of Cypriot early childhood teachers' understanding of and response to children's scientific preconceptions, Kambouri (2015) established that few studied science during their one year training course. This put them at a disadvantage as far as removing these particular obstacles to children's conceptual development was concerned (Kambouri, 2015, p. 18) . Early childhood teachers' need for enhanced science instruction was also noted by Trundle and Saҫkes (2012).
The same may have been true for the practitioners in our study, although the small number precludes explicitly linking their previous formal science learning to their observations on this programme. Their views did suggest, though, that the experience opened up new perspectives on how very young children can be introduced to science-based activities within the 'stay and play' setting context. This could be considered a valued outcome of our research.
At the outset we noted that the body of studies on the influence of parental strategies and interests on the emergence of young children's interests, including scientific interests, is considerable (e.g. Leibham et al, 2005; Tenenbaum and Callanan, 2008; Pattison, 2014) . As part of his two-phase study Pattison examined pre-existing scientific interests in seven mothers and found a relationship with their 4-year-old daughters' 'broad sustained interest' in sciencerelated activities (Pattison, 2014, p. 115) .
Our data do not allow us to trace such effects in our own sample of parents, although we offered evidence of parental learning. In future research projects of this kind, this aspect should definitely be studied in greater detail. It may be that researchers and practitioners stimulated the greatest interest in the scientific activities on offer in those children whose parents' own pre-existing interests enabled them to build more effectively on the ideas generated in the programme sessions.
The fact that the researchers involved in the delivery of the programme were also collecting the evaluation data was another unavoidable research design weakness. Their retrospective field notes were not equivalent to real time tracking observations, although valuable. For them, too, the research situation generated 'demand characteristics,' particularly in relation to the interpretation of parental and children's behaviour.
The researchers' field notes do suggest, however, that their own perspectives as experienced practitioners on supporting young children's natural curiosity did not prevent them from noticing divergences between parental and practitioner strategies for promoting emergent science. This became evident from the nature of questions and encouragement used by parents as opposed to practitioners, as noted in the analysis of practitioner behaviour above and is supported in the literature. For instance, toddlers' science concept formation within a family context was studied with the help of video technology by Sikder (2015) . Sikder argued that supporting toddles' scientific concept formation came easily to parents and generated no more problems for parents than support for other aspects of their young children's development.
In a study of emerging scientific thinking in two and three-year-olds which also employed video technology, Forman (2010, p.2) categorised the first phase of early scientific thinking as 'sensing the problem.' This developed into 'inventing a strategy,' exemplified by the kind of experimental behaviour with toy cars on a ramp mentioned in the previous section, followed by' finding a class of causes' and beyond. Could videotapes have been more helpful than our intermittent audio recordings to trace similar stages of scientific thinking?
Undoubtedly, but given that researchers themselves were delivering the programme supported by practitioners, an early decision was taken that they could not also be expected to videotape the sessions. Moreover, the team did not subsequently have the time or resources to engage in the frame-by-frame analysis such recordings would have required.
Arguably, the programme did meet criteria associated with support for emergent science in early childhood and primary school environments used by children aged 0-8, as
articulated by Johnston and Tunnicliffe (2014, p. 3) . They warned against the use of 'didactic and teaching-led approaches' and described good practice that involved not only '...allowing children time and space for exploration...' but also '...encourages young children to communicate and share their ideas with others...'.
Finally, the question arises to what extent this scientific programme was faithful to the design of its Bangladeshi model. As already noted, children in our study were considerably younger. Although Tunnicliffe reported in some detail on the Bangladeshi project (2013b), her information, coupled with our study's particular context, was insufficient to ensure full programme fidelity in the present study, although its intentions were similar.
Conclusion and implications
Variation in linguistic and cognitive ability was one of the key differences between the children in our study and those in the older pre-school age group reported on in the literature on early science learning and teaching. Although their communications could not be reliably interpreted as reflecting emergent science, their observed behaviour provided tentative evidence. The fact that children's experience in the 'stay and play' sessions was mediated by familiar adults, their parents and 'stay and play' practitioners, seems to have facilitated their enjoyment, encouraged their natural curiosity and most probably generated some STEM-related learning.
3-5 year olds:
As Discussion of possible activities that could be replicated at home.
• Planting seeds and bulbs
• Opening peas
• Exploring the inside of fruit and veg
• Looking at fruit and veg in the supermarket 
Sand play
Children to have access to dry sand and water, buckets, spades and watering cans. Children to explore mixing the sand and water together to fill and empty the buckets. Also to explore the movement of sand and water through the sand wheels and the water wheels. Children to be given opportunities to discuss the changing texture of the sand and water and how this has an effect on how the materials move and can be manipulated (e.g. 'catching water' sprinkling dry/wet sand/. Also to explore how adding water to sand effects the weight and strength of the sand (for making castles), and to consider what happens when the wet sand is left to dry out. Differentiated according to age of children by the nature and type of interaction/questioning. Parents and students to observe the repetitive play, adaptation of activities and record the responses to the prompts/questions.
Cornflour play
The aim of the activity to observe the changes to materials when water, washing up liquid and food colouring is added to them. Discussion of possible activities that could be replicated at home.
• Sand and water play
• Mud kitchen
• Baking and cooking
• Watching food in the microwave (scrambled eggs)
• Melting and freezing
Vocabulary:
Mix, water, sand, messy, gooey, combine, dissolve, evaporate, separate, heavy light, full, empty, strong, weak, collapse, unstable, stable, wet, dry 
